Abstract. Strong ground motions of near-fault earthquakes are mostly generated by forward-directivity effects. Forward-directivity effects develop energetic pulses particularly in horizontal velocity history of fault-normal component. The narrow-band nature of the pulses results in revealing at least two peaks on the response spectra and also increasing seismic demand especially for mid-rise and high-rise buildings.
influence of enhancing ductility is studied by determining ductility reduction factors for near-fault records. Chi Chi 1999 in decade 90, led researchers to investigate the near-fault effects on structural designing [1] . Propagation of fault rupture with a velocity close to the shear wave velocity toward the site generates forward-directivity effects and accumulation of seismic radiations results in developing a long-period and high-amplitude pulse in the beginning of the velocity history. Due to the inclination of shear waves' accumulation toward the normal direction of rupture, the fault-normal components are stronger than the fault-parallel ones [2] . In 1975, the pulses of near-fault records have been distinguished for the first time [3] . If the site is located at the behind of rupture direction, backward-directivity will occur and the records may have low amplitudes and short durations.
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Seismic demands are widely concerned with the ratio of the velocity pulse period to the fundamental period (Tpulse/Tstructure) and the ratio of the PGA to the lateral stiffness. Generally, high deflections in lower stories increase axial forces of columns and also P-Δ effects in lower stories [4] . Fling step in the parallel direction of faulting appears like a static displacement and typically excites the first mode of structural vibration [5] . Alavi and Krawinkler [2] recognized the high seismic demands of structures in the direction of the fault-normal component. They also claimed that the spectral analysis yielded inappropriate results. The excitation of higher modes in high-rise buildings, due to wave travelling effect, causes to premature yield. Consequently, the upper stories quickly reach to their shear capacity. Chang and Yu [6] modified the design spectrum of Taiwan in the long periods range, comparing Chi-Chi records with ordinary records.
Choi and Kim [7] studied on the design spectrum of Korea nuclear site and recognized the incompatibility of this spectrum with the near-fault spectrum at low frequencies. Choi et al. [8] stated the inadequacy of Caltrans 1.3 spectrum at long periods and its overestimation at short periods after studying the near-fault effect on bridge columns designed according to Caltrans. Su and Anderson [9] compared the design spectrum of American electrical equipment with the spectrum obtained from Chi-Chi accelerograms in different soil types and then, they pointed out that the design spectrum must have larger values at low frequencies due to the forwarddirectivity effects and the amplification of soft soils. Hatzigeorgiou [10] quantified the seismic sequence effect directly into ductility demand spectra under multiple near-and far-fault seismic ground motions and showed that near-fault and far-fault earthquakes have required different ductility demands, not only for single earthquakes but also for multiple ones. Durucan [11] developed some equations to express the inelastic displacement ratio for estimating the seismic response of structures subjected to sequential near-fault ground motions. Yaghmaei-Sabegh and Tsang [12] concentrated on the ground motions of the 1978 Tabas and proposed a combined method for simulating the impulsive nature of the Tabas earthquake.
Champion and Liel [13] comprehensively researched on the Tpulse/Tstructure and have declared that structures which were designed elastic, experienced the highest demand when Tpulse/Tstructure equaled 1. Whereas, ductile structures underwent the highest demand in Tpulse/Tstructure close to 2, due to the elongation of period before collapse. Their study also demonstrated the importance of considering directivity effects in seismic hazard analysis and simulation of structural response.
For an instance, as the pulse-type effects of ground motions were not considered in fragility curves, the collapse probability in 50 years was underestimated close to 50%. Many researches on strengthening of moment resisting frames [14] [15] [16] and different procedures through base isolation [17] [18] [19] or energy dissipation systems [20] [21] [22] [23] have been investigated for improving the seismic performance. Gerami and Abdollahzade [24] studied on Iranian design spectrum of IS 2800-05 and showed that spectral acceleration values of records having forward-directivity effects were at least two times of the corresponding values of IS 2800-05 at periods longer than 1 s.
So many buildings are founded near to active faults in Iran. Newly, IS 2800-14 is revised to consider the near-fault effect on the design spectrum for periods longer than the soil period, by defining the coefficient N. It should be noted that the coefficient N, is not able to apply the directivity effects in seismic design efficiently. It could be helpful to implement NRHA as well as LRHA for assessing the performance of buildings designed according to IS 2800-14. Hence, in this study, base shears and inter-story drift ratios of two reinforced concrete buildings with five and ten stories are compared using LRHA and NRHA under near-fault earthquakes. Plan and elevations of the buildings can be seen in Figure 1 , and dimensions of the structural components are shown in Table 1 and Selected accelerograms must be scaled for response history analyses. In addition to the earthquake characteristics and the site effects, the spectral shape over the period range of 0.2T1 to 1.5T1 is an extremely important issue for scaling the far-fault records to a target spectrum in ASCE/SEI 7 and IS 2800-14. However, the existence of velocity pulses as well as the spectral shape must be considered for scaling the near-fault records. If the spectral shapes of the pairs of the accelerograms are similar to the target (design) spectrum, the need for scaling and modifications will be decreased [28] . Velocity pulses are present in many ground motions, especially in the forward-directivity region. In this study, fault-parallel and fault-normal components of 11 strong earthquakes, with magnitude over than 6.5, are selected from PEER Ground Motion Database. Table 4 The ELC earthquake with a hypocentral distance of 12.2 km, contains no directivity effects and is considered as a strong far-fault earthquake. Other earthquakes are near-fault with forwarddirectivity effects, except JOS, involving backward-directivity effects. It is worth noting here that the stronger near-fault ground motions such as TAB-TR and LCN-TR containing high energetic pulses have large values of specific energy densities ( SED ) as shown previously in Table 4 . SED is defined by Equation 2, where v is the velocity of the ground motions. of the design spectrum, as reported in Table 5 .
Structural Specifications and Response History Analyses
The values of third columns in Table 5 are used as the suitable scale factors for the purpose of NRHA. It is obvious that the scale factors of LRHA can be attained by dividing the NRHA scale factors to the response modification factor (Ru=5). Some scale factors are obtained smaller than 1 and should not be used, because of avoiding the attenuation of the free-field records. Thus, scale factors smaller than 1 are considered equal to 1. Figure 3 and Figure 4 illustrate two instances of the differences between scaled SRSS spectrum and 1.3 times of the design spectrum especially in periods longer than 1 s. The differences are related to the high amplitudes of near-fault Fourier Spectra at frequencies lower than 1 Hz, as shown in Figure 5 . As well, it seems that the single scaling is more appropriate than the average scaling. Average scaling method decreases the important peaks of near-fault spectra and yields smaller scale factors due to the smooth spectrum obtained by averaging the SRSSs, as demonstrated in Figure 6 .
Modeling of components and response history analyses
So as to assess buildings by implementation of LRHA and NRHA, SAP2000 version 18.1.1 is employed. The provisions and recommendations of the ASCE/SEI 41-13 (Seismic Evaluation and
Retrofit of Existing Buildings) [29] are used for modeling of the nonlinear behavior of components, considering concentrated plastic hinges. According to ASCE 41-13, customary behavior curve of deformation-controlled members is similar to Figure 7 .
The following conditions are considered in the seismic analyses and assessment:
1. Deformation-controlled hinges are located at the distances equal to the half-height of members from end rigid zones and they also follow Takeda hysteresis model [30] .
2. Based on the axial force value, columns may behave either in ductile manner or brittle manner; therefore, this issue is considered in modelling according to ASCE 41-13 criteria.
3. Modal and HHT (Hilber-Hughes-Tailor) direct integration methods [31] are employed in LRHA and NRHA, respectively, considering damping ratio of 5%.
4. Connections and diaphragms are rigid and P-Δ effect is considered in both LRHA and NRHA.
5. Fault-parallel and fault normal components of records are applied in the X and Y structural directions, respectively.
Results

Base shear demand
On the basis of the spectral analysis (SA), the 5-and 10-story buildings are designed for the base shears of 3225.1 and 4621.5 kN, respectively. The base shears obtained from LRHA and NRHA are provided in Table 6 and Table 7 . In addition, the performance levels of buildings are shown beside the base shears of NRHA. It is seen that the LRHA base shears are larger than the design base shear in many cases. This problem can be attributed to the insufficient design spectrum of IS 2800-14. Thus, the design base shear should be improved. On the other hand, the buildings must withstand up to their yield base shears by utilizing the overstrengths. Additionally, the performance levels must not exceed the life safety (LS) according to the IS 2800-14; however, the performance levels of the buildings quickly reach or exceed the collapse prevention (CP) under strong earthquakes based on the NRHA results. The damage patterns of the buildings will be discussed in the next section.
Inter-story drift ratio demand and damage pattern
Recent researches related to the effects of forward-directivity on stories displacement and vulnerability of structures, indicate the significant influence of Tpulse/Tstructure. The larger Tpulse/Tstructure, the higher inter-story drift ratio especially in lower stories [32] . According to ASCE 41-13 and ASCE 7, members' plastic hinge rotation and maximum nonlinear inter-story drift ratio are well-known as the current seismic performance indicators, associated with structural components (local scale) and whole structure (global scale), respectively. It is observed that the drift ratios of the Y-direction are larger than the X-direction, in both analyses; nevertheless the drift ratios of LRHA disagree with the drift ratios of NRHA.
Implementation of LRHA by using Ru and Cd yields unacceptable results especially for the 10-story building. It is important to point out that the diagrams of inter-story drift ratios of earthquakes such as TAB, E07 and ABR demonstrate small values, because of the abruptly collapses of the first story corner column. For better assessment of structural manner, the qualitative pattern of damage and the time of collapse are summarized in Table 8 and Table 9 .
As stated in Table 8 and Table 9 , both buildings especially the 10-story one, are collapsed either at the time close to the peaks of the velocity pulses or at the ends of the pulses. Figure 16 demonstrates two samples of the first story corner columns collapses under strong near-fault ground motions. Hence, the buildings may be threatened by progressive collapse. It is substantial to note that the JOS earthquake with backward-directivity effects is similar to a narrow-band excitation. The significant duration of the transversal component of JOS is 27 s. More specifically, equality of the predominant period of the JOS-TR to the fundamental period of the 5-story building causes to dynamic resonance and collapse of the 5-story building. While the 10-story building remains at IO performance level under the JOS earthquake.
Discussion
The key role of ductility in dissipating input earthquake energy, affects considerably on the seismic behavior of structures [33] , however; strength can become more essential according to the regions of tripartite spectra. It is clear from Figure 17 that a near-fault spectrum has a narrow velocity-sensitive region compared with a far-fault spectrum. Furthermore, the accelerationsensitive region extends to higher periods (lower frequencies). The latter statement means that, the strength demand is more significant than the ductility demand for designing mid-rise buildings as well as low-rise ones in the near-fault zone.
Earthquake-induced force may be reduced due to the ductility provided for structural members.
The ductility-dependent component of response modification factor named ductility reduction factor (Rµ), presents this reduction. The Rµ demand of a ground motion may be defined as the ratio of the elastic spectral acceleration to the inelastic spectral acceleration. In this study, Elastic and inelastic spectra are founded by using seismosignal software. Moreover, elastic-plastic SDoF systems with 5% strain-hardening ratio and different ductilities are assumed for deriving the inelastic spectra. Figure 18 and Figure 19 demonstrate the influence of ductility enhancement on the Rµ demand for two instances of the far-fault earthquakes, while Figure 20 and Figure 21 are associated with the near-fault earthquakes. Comparison of Rµ demand indicates the negligible effect of ductility enhancement on the Rµ of near-fault records, especially for transversal component of earthquakes, including forward-directivity effects. Table 10 and Table 11 include the Rµ demand associated with the fundamental periods of studied buildings.
As a consequence, enhancing ductility of structures does not considerably change the Rµ demand of near-fault ground motions for structures whose first period are lower than 1 s or sometimes 1.5 s. On the other hand, the Rµ demand of a far-fault earthquake and also a weak near-fault earthquake can be increased by enhancing ductility. The results of records such as ERZ, WPI and BAM confirm the aforementioned discussion, as reported in Table 10 and Table 11 .
Accordingly, it is necessary to enhance the strength for improving the performance of the buildings under pulse-type ground motions. In particular, the ductility of the buildings cannot be mobilized ideally due to the high-amplitude pulses of the near-source earthquakes and therefore, local brittle failures occur.
Conclusions
Structures located close to active faults, must be assessed precisely because of the impulsive nature of strong near-fault ground motions. It is important to provide desirable strength of structural components so as to avoid the brittle failures especially at columns. In the present paper, four issues are studied. The issues are associated with the scaling of accelerograms, the demands in LRHA and NRHA, the vulnerable members and the effect of ductility enhancement.
The following consequences are derived of assessing the mid-rise RC moment frame buildings under near-fault earthquakes.
1. The design spectrum of Iranian seismic code (IS 2800-14) is not compatible with spectra of near-fault records having forward-directivity effects especially for longer periods, and this problem leads to insufficient demand. Furthermore, it is appropriate to use the single scaling method instead of the average scaling method for avoiding the attenuation of the peaks existed in the near-fault spectra. It could be more desirable to employ a specific spectrum of near-fault earthquakes in order to design.
2. Implementation of LRHA, using response modification factor (Ru) and deflection amplification factor (Cd) yields inaccurate values of inter-story drift ratios for seismic assessment. Implementation of NRHA is more reasonable in order to specify the accurate interstory drift ratio as well as the accurate design base shear.
3. Damages to the 10-Story building are more than the 5-Story building. The most vulnerable members of moment frames are the first story corner columns attacked severely at such a time close to the pulse peak or at the end of the pulse.
4. Enhancing the ductility, especially for periods shorter than 1 or 1.5 s, does not make considerable changes in the Rµ demand of the strong near-fault earthquakes. It seems, strength enhancement could be more efficient instead of ductility enhancement and care should be significantly taken to the strength as the most noteworthy concern for designing in near-fault zones. Table 1 . Structural details of the 5-story building Table 2 . Structural details of the 10-story building Table 3 . Modal analysis results of the first nine modes Table 4 . Characteristics of the selected ensemble Table 5 . Scale Factors obtained based on IS 2800-14 in order to NRHA Table 6 . Base shears (kN) and performance levels of the 5-story building Table 7 . Base shears (kN) and performance levels of the 10-story building Table 8 . Damage patterns and collapse times of the 5-story building Table 9 . Damage patterns and collapse times of the 10-story building Table 10 . R µ demand of earthquakes associated with fundamental period of 5-Story building Table 11 . R µ demand of earthquakes associated with fundamental period of 10-Story building
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Figures: Figure 1 . Plan and elevations of studied buildings Figure 2 . Some of the existing pulses in the velocity history of records Abruptly one of the 1st story corner columns reached CP level at the 1st peak of the pulse (t=9.6 s).
E06
All beams of Y-direction and 1st story columns reached LS level.
E07
All beams of Y-direction and 1st story columns reached LS level. LCN Abruptly one of the 1st story corner columns reached CP level after the 1st peak of the pulse (t=10.6 s).
JOS
Abruptly one of the 1st story corner columns reached CP level at t=9.1 s, due to dynamic resonance. Abruptly one of the 1st story corner columns reached CP level at the end of the velocity pulse (t=11.9 s). SPV 2nd to 6th story beams of Y-direction reached LS level. WPI 1st to 3rd story beams reached CP level at the half of the velocity pulse (t=5.2 s). ERZ 1st to 3rd story beams and a corner column of 1st story reached CP level at the peak of pulse (t=3.4 s). BAM 1st to 4th story beams reached CP level at the same time with the end of velocity pulse (t=3.3 s). TAB Abruptly one of the 1st story corner columns reached CP level after the 1st peak of the pulse (t=10.9 s). E06 2nd to 5th story beams of Y-direction reached CP level nearly after the half of velocity pulse (t=7 s).
E07
Abruptly one of the 1st story corner columns reached CP level after the 1st peak of the velocity pulse (t=6.2 s). LCN Three columns of the 1st story reached CP level at t=10.8 s, after the 1st peak of the velocity pulse.
JOS
No structural damage occurred. 
